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This study was performed to determine whether inferior
ST segment depression during early stages of acute
transmural anterior myocardial infarction identifies pa-
tients with multivessel coronary artery disease and ad-
ditional inferior ischemia. Coronary and left ventricular
angiography were performed within 3.4 months in 33
patients with acute transmural anterior infarction~' Ini-
tial electrocardiograms, 2 to 5 hours after onset of chest
pain, revealed significant ST segment depression (2: 0.1
IIIV) in at least two of leads II, III and aVF in IS patients
(45%) (group B); in 18 patients (group A) this finding
was absent.
Compared with group A, patients in group 8 had
greater anterior ST elevation (1.2 versus 0.7 mY, p <
0.025); higher serum peak creatine kinase (2,475 versus
1,1471U/liter, p < 0.005); higher Killip scores (2.1 ver-
sus 1.3, p < 0.001); more in-hospital complications (60
versus 17%, p < 0.05); lower mean left ventricular ejec-
tion fraction (34 versus 55%, p < 0.001); more frequent
regional left ventricular dysfunction in anterolateral (91
versus 44%, p < 0.05), posterolateral (36 versus 0%, p
<: 0.05) and inferior (100versus 6%, p < 0.005) regions;
During the early stages of transmural acute myocardial in-
farction, electrocardiograms show typical ST segment ele-
vation (termed "indicative" changes) in leads facing the
area of infarction and ST segment depression (termed "re-
ciprocal" changes) in leads remote from the infarct site (I).
Classic electrocardiographic theory explains such remote ST
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greater wall motion abnormality scores (10.0 versus 5.5,
p < 0.005); higher frequency of concomitant left cir-
cumflex or right coronary artery disease, or both (80
versus 28%, p < 0.01); more frequent postinfarction
angina (100versus 39%, p < 0.001)and lower NewYork
Heart Association functional classification scores (I,7
versus 2.4, p < 0.05) at 6 month follow-up. The time
course of inferior ST depression differed from that of
anterior ST elevation. Thus, inferior ST depression was
maximal in the first 48 hours and decreased (p < 0.05)
thereafter. In contrast, ST elevation in leads VI to V6
and I appeared to decrease (p = NS) between days 4
and 7. However, inferior ST depression "mirrored" ST
elevation in lead aVL, which also decreased (p < 0.05)
after 48 hours.
Thus, inferior ST depression during anterior infarc-
tion is associated with more e~itnsive infarction, greater
morbidity and higher frequenej: of multivesselcoronary
disease. Such inferior ST depression might reflect not
only "reciprocal change," but also ischemia in adjacent
lateral and remote inferior regions.
segment depression as a purely electrical phenomenon, the
so-called reciprocal projection of elevated ST segments in
the opposite leads (1-4). While there is no doubt that re-
ciprocal changes can occur, such changes might, in some
cases, reflect ischemia or nontransmural infarction in remote
regions, or both.
Although numerous studies (5-14) have recently ad-
dressed the question of early anterior ST depression during
transmural inferior infarction, early inferior ST depression
during transmural anterior infarction has received relatively
little attention. The inferior infarction studies concluded that
anterior ST depression represented 1) an electrical phenom-
enon related to the primary infarct (7,11,12,14), or 2) ad-
ditional ischemia in distant regions (5-10,13,14), or 3) non-
transmural infarction in posterolateral regions (7), and were
predictive of concurrent left anterior descending coronary
artery disease and a complicated course (8,9,13). One in-
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ferior infarction study (8) concluded that ST depression in
leads I and aVL indicated pure reciprocal change rather than
additional involvement. During transmural anterior infarc-
tion, the traditional view is that leads facing the infarct
(precordial leads and leads I and aVL) show ST elevation
while inferior leads (II, III and aVF) show ST depression
(1). In lateral infarction, leads VS,V6 , I and aVL show ST
elevation, while reciprocal ST depression develops in leads
farthest to the right, such as leads V I and V3R (1). However,
despite marked ST elevation in anterior leads, some patients
with anterior infarction show little or no ST depression in
inferior leads while others show significant ST depression
(Fig. 1). Thus, it is possible that these early changes in
inferior leads might represent inferior ischemia in some
patients with anterior infarction.
The present study was undertaken to determine whether
ST segment depression in leads II, III and aVF during trans-
mural anterior acute myocardial infarction might identify a
high risk group of patients with critical left anterior de-
scending coronary artery disease as well as concomitant
disease in the left circumflex or right coronary artery.
Methods
Patient selection. Patients admitted to the coronary care
unit of the University of Alberta Hospital with anterior trans-
mural acute myocardial infarction between 1979 and 1980
were prospectively included if the following criteria were
met: 1) a typical history of prolonged chest pain, charac-
teristic serial electrocardiographic changes (especially ST
segment elevation followed by ST-T changes and new Q
waves >0.03 second in duration in at least two adjacent
leads from V1to V4) serial changes in serum creatine kinase
(CK), glutamic oxaloacetic transaminase and lactic dehy-
drogenase and the presence of CK-MB isoenzyme; 2) no
history or electrocardiographic evidence of previous myo-
cardial infarction; 3) no electrocardiographic evidence of
left ventricular hypertrophy or bundle branch block; 4) no
permanent pacemaker; 5) no history of digitalis therapy
during the first week after the acute infarction; 6) no findings
of primary valvular or myocardial disease; and 7) willing-
ness to undergo coronary arteriography within 6 months of
the acute infarction. A total of 33 patients meeting these
criteria were studied after written informed consent was
obtained in each case. There were 30 men and 3 women
with a mean age of 50 years (range 28 to 76).
Electrocardiography. Twelve lead electrocardiograms
were recorded on all patients at a paper speed of 25 mm/s
and a standardization of 10 mm = 1 mV at the following
times: 1) on admission to the emergency room, 2.1 :!:: 0.1
hours (mean :!:: standard deviation) (range 1 to 4) after the
onset of chest pain; 2) after admission to the coronary unit
(within 4.4 :!:: 1.8 hours), at 5.4 :!:: 2 hours (range 3.5 to
9) after the onset of chest pain; 3) daily thereafter during
observation in the unit; and 4) on at least 4 additional days
during the in-hospital recovery phase.
All electrocardiograms were coded and analyzed by two
observers (M.H., S.T.) at the end of the study. ST segment
depression or elevation was measured relative to the TP
segment at 0.08 second after the J point, and average mea-
surements from three successive beats were recorded for
each lead. Significant ST segment depression was defined
as horizontal or downsloping displacement of 0.1 mV or
more in at least two inferior leads (II, III and aVF). Patients
were grouped on the basis of presence (group B) or absence
(group A) of significant (> 0.1 mY) ST depression in in-
Figure 1. Electrocardiograms from two patients with acute an-
terior myocardial infarction. Both patients have marked anterior
ST segment elevation. Inferior leads II, III and aVF show marked
additional ST depression in the patient from group B, but not in
the one from group A.
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ferior leads on the initial two electrocardiograms obtained
on day I. Comparison of serial electrocardiographic data
was done by summating ST depression in leads II, III and
aVF, $T elevation in leads V I to V4 and leads V5 to V6,
while ST elevations in lead I and lead aVL were analyzed
separately.
Clinical data. All patients had serum creatine kinase
activity measured on admission, every 8 hours for the first
48 hours, and every 12 hours thereafter until normal baseline
levels were reached . Results of cardiovascular examination
and the Killip class (15) on admission were recorded sys-
tematically. During the hospital stay, all complications were
recorded, including: second or third degree heart block,
multiple premature ventricular beats requiring therapy, ven-
tricular tachycardia or fibrillation, left ventricular failure,
cardiogenic shock and death. The patients surviving infarc-
tion '.'ere followed up for 3 to 50 months (mean 26 ± 14).
During follow-up, the following data were collected every
6 months : I) functional class (New York Heart Association
criteria), 2) history of persistent angina pectoris or recurrent
infarction. and 3) additional complications or events .
Cardiac catheterization. All patients underwent selec-
tive coronary arteriography and left ventriculography by the
Judkins technique (16) within 3.4 ± 2.4 months (range
0.2 to 6) of infarction. Multiple projections of the coronary
vesse ls were recorded. Critical stenosis was defined as 70%
or greater narrowing of luminal diameter in one or more
projec tions. Maximal narrowing of luminal diameter (17)
and presence or absence of intercoronary collateral circu-
lation (18) were assessed on coded coronary arteriograms
by an independent radiologist (nonparticipant in this study)
and NO of us (M.H., ST.) without knowledge of clinical
or elccrrocardiographic data. The consensus of the three
observers was used to compute final data on coronary anatomy.
Biplane left ventriculograms were recorded in 30° right
anterior oblique and 60° left anterior oblique with 30° cranial
projections . Coded left ventriculograms were analyzed by
two observers. Left ventricular systolic and diastolic vol-
umes were calculated using the area-length method (19,20),
and ejection fraction was computed (19.20). Ejection frac-
tions obtained by the two observers were in close agreement
(r = 0.97) . Regional systolic wall motion was assessed
subjectively in 10 regions of the ventriculograms (9.17) by
the three authors and their consensus was used for final data.
Motion in each region was classified as described by Herman
and (iodin (21) and motion scores were ascribed to each
region as follows: normal (score 0) , hypokinetic (decreased
inward motion, score I), akinetic (no inward motion, score
2) and dyskinetic (outward motion , score 3) .
Statistical analysis. Data are expressed as mean ± stan-
dard deviation. Statistical tests included: I) paired and un-
paired Student's t tests for differences within and between
groups; 2) chi-square analysis (with Yates' correction) for
differences in event frequency between groups; 3) multiple
measures analysis of variance (ANOVA) with orthogonal
contrast for differences in serial measurements in the groups
(22); and 4) linear regression analysis by the least-squares
fit method. The presence or absence of right coronary or
left circumflex artery stenosis was determined to calculate
sensitivity (true positives/all patients with right coronary
artery or left circumflex artery stenosis, or both), specificity
(true negatives/false positives + true negatives) and pre-
dictive value (true positives/true positives + false posi-
tives) . Statistical significance was assumed when the prob-
ability value was less than 0.05 .
Results
Electrocardiographic data. All 33 patients had electro-
cardiographic features of transmural anterior acute myo-
cardial infarction with ST segment elevation in precordial
leads. They all had at least two electrocardiograms recorded
in the first 24 hours after the onset of chest pain, one on
admission to the emergency room and another in the coro-
nary unit. These electrocardiograms revealed that 18 pa-
tients had less than I mm or no ST segment depression in
leads II, III and aVF (group A), while 15 patients had
significant (2: I mm) ST segment depression in these leads
(group B). Typical electrocardiograms from a patient in each
group are shown in Figure I.
Magnitude of ST deviations . In group A, the inferior
leads (II, III and aVF) on the first two electrocardiograms
showed no ST depression in 10 patients and 0.5 mm ST
depression in at least two of the three leads in 8 patients.
One of the latter patients developed 0.5 mm ST elevation
in two of the inferior leads on the third electrocardiogram,
but had no ST segment deviation in inferior leads on sub-
sequent electrocardiograms. In group B, all 15 patients showed
I mm or greater ST depression in at least two of the inferior
leads on the first two electrocardiograms. However, in two
of these patients, the ST depression in leads II, III and aVF
was replaced by frank ST elevation (> 1.5 mm) in these
leads after 24 hours and QRS changes of inferior infarction
by 72 hours . The magnitudes and directions of ST segment
deviation in the first two electrocardiograms, recorded 4.4
± 1.8 hours apart on the first day in the emergency room
and the coronary unit, respectively , were not different (p
> O. I). On day I, the magnitude of the sum of ST de-
presssion in inferior leads was greater for group B than group
A (- 2.7 ± 3. I versus - 0.4 ± 0.6 mm, p < 0.005; data
from the second electrocardiogram) . Similarly, the mag-
nitude of the sum of ST elevations in all other leads taken
together (V I to V6, I and aVL) was greater for group B than
group A (11.6 ± 5.6 versus 6.6 ± 5.9 mm, p < 0.025) .
These differences between groups were also present (p <
0.05) when each of the other leads was examined separately.
Time course of ST deviations. The time course of ST
segment depression in inferior leads and ST segment ele-
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Figure 2. The time course of inferior ST segment depression and
ST elevation in other electrocardiographic leads. Magnitudes of
ST deviation (SIGMA ST) (mY) at five time intervals (days I, 2,
3, 4 and 7) are plotted. Inferior ST depression decreased (p <
0.05 by multiple measures analysis of variance) after day 2, while
anterior ST elevation persisted until at least day 4. ST elevation
in lead aYL also decreased after day 2 (p < 0.05) and "mirrored"
the pattern of inferior ST depression. ST elevation in lead I did
not show significant change at day 2 or day 4.
vation in other leads are summarized for the two groups in
Figure 2. There was an apparent difference in the trends of
ST depression in inferior leads and ST elevation in precor-
dial leads for either group. By 72 hours, none of the patients
in group A had any detectable ST depression in leads II,
III and aVF. In contrast, by 72 hours in group B, four
patients with marked ST depression (> 2 mm) in the first
48 hours still had greater than I mm ST depression in at
least two of the inferior leads, seven patients with initial
ST depression between I and 2 mm still had residual ST
depression less than I mm, while the ST depression had
completely resolved in the remaining four patients. Thus,
ST depression in inferior leads was maximal in the first 48
hours and decreased thereafter (Fig. 2), but this decrease
was only statistically significant in group B (p < 0.05) using
multiple measures analysis of variance with orthogonal con-
trast (22).
None of the patients in group A developed inferior ST
depression after 48 hours. In two patients in group B, the
ST depression was absent at 24 hours, but reappeared at 48
hours. Although II patients in group B had residual inferior
ST depression by 72 hours, the rate of resolution of the ST
depression did not correlate (NS) with its initial magnitude.
The ST elevation in leads VI to Y4, leads Y5 to V6 and lead
I persisted for at least 4 days and appeared to decrease (NS)
between the fourth and seventh days. However, the ST
elevation in lead aVL showed a statistically significant de-
crease (p < 0.05) after the second day in group B, and
followed a trend concordant with that of ST depression in
leads II, III and aVF.
Magnitude of anterior ST depression versus inferior ST
elevation. The regression coefficients for the relation be-
tween the magnitudes of ST segment depression in leads II,
III and aVF and those of ST segment elevation in leads V t
to V4 , leads V5 to V6 , lead I and lead aVL, respectively,
on electrocardiograms from day I (Fig. 2) were as follows:
group A, -0.26 (NS), -0.22 (NS), 0.16 (NS) and 0.60
(p < 0.01), respectively; group B, 0.06 (NS), -0.24 (NS),
0.83 (p < 0.001) and 0.91 (p < 0.001), respectively; both
groups, 0.16 (NS), - 0.08 (NS), 0.80 (p < 0.001) and 0.91
(p < 0.00 I), respectively. Thus, statistically significant cor-
relations were present between magnitudes of inferior ST
depression and ST elevation in lead aVL in both groups.
The magnitude of the sum of inferior ST depression was
less (p < 0.005) than that of ST elevation in leads V I to
V4 in both groups, but greater than ST elevation in either
lead I or aVL, or both, for group B (p < 0.005).
Electrocardiographic and clinical correlations. The
clinical characteristics in the two groups are summarized in
Table 1. There was no difference between the groups in
age, sex, body surface area, time from onset of chest pain
to admission or to the first and second electrocardiograms,
admission heart rate and blood pressure and use of drugs
during hospitalization. Also, there was no difference in fac-
tors that might influence ST segments in the groups. On the
basis of the selection criteria, no patient was receiving dig-
italis before or during hospitalization, and none had electro-
cardiographic evidence of left ventricular hypertrophy or
bundle branch block. Also, no patient developed hypoka-
lemia during the first 48 hours (mean serum potassium levels
on day I being 4.1 ± 0.4 versus 4.0 ± 0.4 mEq/liter for
the two groups) or hypocalcemia (serum calcium being>
8 mg/IOOml during the first 48 hours). Although 15patients
developed clinical evidence of pericarditis between days 3
and 5, its frequency was similar in the two groups (7 patients
in group A versus 8 patients in group B, NS). By contrast,
admission Killip class, peak serum enzyme levels and the
frequency of major complications were greater in group B
than group A (Table 1). There were two in-hospital deaths,
both in group B. These two patients died 3 days after ad-
mission, and the first three electrocardiograms from both
showed marked ST segment depression in leads II, III and
aVF (L ST = - 13 mm and - 3 mm, respectively, on the
first electrocardiogram).
Analysis of ST segment data after exclusion of patients
with pericarditis revealed similar differences between groups
for the magnitude of inferior ST depression and ST elevation
in other leads, as well as for trends in the time course of
ST deviation. Thus, among patients without pericarditis,
the magnitudes of inferior ST depression (3.9 ± 4.1 versus
0.4 ± 0.6 mm) and ST elevation in leads V I to V4 (7.4 ±
4.0 versus 3.0 ± 2.2), leads V5 to V6 (1.2 ± 1.1 versus
JACC Vol 4, No.3
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Table 1. Clinical Characteristics in 33 Patients With Transmural Anterior Myocardial Infarction
Variable Group A (n= 18) Group B (n= 15) p Value
Age (yr) 47 :': 12 53 :': 7 < 0.1
Sex (male/female) 17/[ 13/2 NS
Body surface area (rrr') 1.9 :': 0.2 1.9 :': 0.2 NS
Past history
Heart failure 0 0 NS
Hypertension 0 0 NS
Diabetes mellitus 3 I NS
Serum cholesterol > 290 mg/dl 3 2 NS
Onset of pain to first electrocardiogram (h) 2.1 :': 0.1 2.1 :': 0.1 NS
Heart rate on admission (beats/min) 75 :': 15 79 :': 15 NS
Blood pressure on admission (mm Hg)
Systolic 131 :': 17 131 ± 27 NS
Diastolic 88 ± 9 86 ± 3 NS
Killip class on admission 1.3 ± 0.6 2.1 ± 0.7 < 0.001
ST segment depression (> I mm) in at 0 15 < 0.001
least two of leads II, III and aVF on the
first day (n)
Peak serum enzymes (IUlliter)
Creatine kinase 1,147 ± 998 2,475 ± 1, III < 0.005
Glutamic oxaloacetic transaminase 188 ± 107 370 ± 171 < 0.005
Lactic dehydrogenase 60S ± 302 1,119 ± 501 < 0.005
Hypokalemia during first 48 h (n)* 0 0 NS
Hypocalcemia during first 48 h (nj] 0 0 NS
Drugs during hospitalization
Digitalis (n) 0 0 NS
Nitrates (n) 13 8 NS
Beta-adrenergic blocking agents (n) 6 5 NS
Diuretic agents (n) 6 7 NS
Antiarrhythmic agents (n) 8 13 NS
Inotropic agents (n) 0 I NS
Pericarditis (n) 7 8 NS
Major in-hospital complications (n) 3 9 < 0.05
Ventricular tachycardia (n) 1 3 NS
Pulmonary edema (n) 2 4 NS
Cardiogenic shock/death (n) 0 2 NS
Infarct extension (n) 0 2 NS
Follow-up
NYHA class at 6 months 1.7 ± 0.8 2.4 ± 0.8 < 0.05
Late deaths (n) 0 2 NS
*Serum potassium < 3.5 mfiq/liter; tserum calcium < 8 mg/IOOm\. NYHA = New York Heart Association.
Values are expressed as mean ± standard deviation.
0.3 ± 0.7), lead I (l.4 ± 1.9 versus 0.1 ± 0.3) and lead
aVL (l.8 ± 1.4 versus 0.2 ± 0.3) on initial electrocar-
diograms were greater (p < 0.05) in group B than in group
A.
Fol/ow-up. At the 6 month follow-up study, the New
York Heart Association functional class (2.4 ± 0.8 versus
1.7 ± 0.8, p < 0.05) and frequency of recurrent angina
(l00 versus 39%, p < 0.001) were respectively greater for
group B than group A. The frequency of other complications
and events was not statistically different (NS) in groups A
and B reinfarction (0 versus 8%), congestive heart failure
(0 versus 8%) and coronary artery bypass surgery (39 versus
31%). The location of the recurrent infarct in the patients
in group B was inferior. Eight patients in group A but none
in group B were asymptomatic (61 versus 0%, respectively,
p < 0.005). On latest follow-up (26 ± 14 months, range
3 to 50), two more patients in group B died (at 16 and 42
months, respectively) and the functional class in the sur-
vivors was lower in group A than group B(1.7 ± 0.8 versus
2.2 ± 1.1, respectively, p < 0.05).
Relation between ST segment depression and coro-
nary anatomy. The distribution of coronary artery disease
(2: 70% reduction in luminal diameter) in the two groups
is summarized in Table 2. All patients had left anterior
descending coronary artery disease. The frequency of iso-
lated left anterior descending coronary artery disease was
48% for all 33 patients, which was similar to the 41%
incidence reported by Taylor et a1. (23), but greater in group
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Table 2. Distribution of Critical* Coronary Artery Disease in 33 Patients With Anterior
Myocardial Infarction
No. of Patients (%)
Affected Coronary Artery Group A (n= 18) Group B (n = 15) Total (n = 33)
LAD alone 13 (72%)t 3 (20%) 16 (49%)
LAD + RCA 2 (l1%)t 9 (60%) II (33%)
LAD + LCx 1(6%) 1(7%) 2 (6%)
LAD + RCA + LCx 2 (11%) 2 (13%) 4 (12%)
Total RCA and/or LCx 5 (28%)t 12 (80%) 17 (52%)
JACC Vol. 4, No.3
September 1984:467-76
* ~ 70% reduction in luminal diameter; t p < 0.0 I, significance of difference in frequency between groups
A and B. LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; RCA =
right coronary artery.
A than group B (13 [72%] of 18 patients versus 3 [20%]
of 15 patients, p < 0.01). Associated disease in the left
circumflex or right coronary artery, or both, was more fre-
quent in group B than group A (12 [80%] of 15 patients
versus 5 [28%] of 18 patients, p < 0.01). One patient in
group B, but none in group A, had left main coronary
disease, which was included in the left anterior descending
and left circumflex coronary disease group. Associated left
circumflex or right coronary disease was more frequent in
group B than group A, but this difference was mainly due
to the higher frequency of associated right coronary disease
in group B (60 versus 11%, P< 0.01) because the frequency
of associated left circumflex coronary disease was similar
in the two groups (7 versus 6%, NS). The frequency of
triple vessel coronary disease was similar in the two groups
(13 versus 11%, NS).
Predictive value. These data demonstrate that when sig-
nificant inferior ST depression is present during the first 24
hours of an acute anterior infarction, the predictive value
for the presence of concomitant left circumflex or right
coronary artery disease, or both, is 80%, with a sensitivity
of 71% and a specificity of 81%. Conversely, when sig-
nificant inferior ST depression is absent, the predictive value
for the absence of concomitant left circumflex or right coro-
nary artery disease, or both, is 72%, with a sensitivity of
81% and a specificity of 71%.
Role ofinferior ST depression after 48 hours. Concomitant
left circumflex or right coronary artery disease, or both, was
also found in all of the 11 patients in group B with residual
inferior ST depression after 48 hours. Conversely, only one
of the four remaining patients with resolution of inferior ST
depression within 48 hours had this finding. Thus, concom-
itant left circumflex or right coronary artery disease, or both,
was more frequently associated with resolution of inferior
ST depression after 48 hours (11 of 11 patients versus 1 of
4 patients, K = 10.31, P < 0.001). Despite fluctuation of
inferior ST depression in two patients between 24 and 48
hours, there was a similar association between concomitant
left circumflex or right coronary artery disease, or both, and
the frequency of inferior ST depression at 24 hours (10 of
12 patients versus 2 of 3 patients, K = 20.59, P < 0.001).
ST elevation in lead aVL. In an attempt to explain the
ST segment elevation in lead aVL, we examined the coro-
nary arteriograms for the presence of disease (;=:: 70% re-
duction in luminal diameter) in or proximal to the first di-
agonal branch of the left anterior descending artery. There
was no difference (NS) in the frequency of disease of the
first diagonal branch between groups A and B (50 versus
60%, NS). The frequency of proximal left anterior descend-
ing coronary disease before the origin of the first diagonal
branch in the two groups was 39 versus 67% (NS).
Collateral circulation. Angiographically demonstrable
collateral vessels were observed in 12 (36%) of the 33 pa-
tients, 6 in group A and 6 in group B. Thus, there was no
difference in frequency of demonstrable collateral vessels
in the two groups (33 versus 43%, NS). However, there
was an association between collateral vessels and postin-
farction angina pectoris, as suggested by others (23). Of the
12 patients with collateral vessels, 11 had angina on follow-
up study (5 in group A and 6 in group B). Also, angina
was present before infarction in 10 (83%) of the 12 patients
with and 11 (52%) of the 21 without collateral vessels,
which is in agreement with the findings of Taylor et a1.
(23). The mean peak serum enzyme levels were less in
patients with than in those without collateral vessels (for
example, creatine kinase, 1,167 ± 713 versus 1,977 ±
1,341 IV/liter, p < 0.05). Similarly, the magnitude of the
sum of ST segment elevation in precordial leads was less
in patients with than in those without collateral vessels (for
example, L ST for leads VI to V6 , 4.1 ± 2.8 versus 9.1
± 5.6 mm, p < O.OI).More importantly, the magnitude of
the sum of ST segment depression was not different between
patients with and without collateral vessels for either group
B (- 3.9 ± 4.5 versus - 2.4 ± 1.3, NS) or group A
(-0.3 ± 0.6 versus -0.5 ± 0.6, NS).
In group B, all patients with collateral vessels and four
(44%) of the nine without collateral vessels had concomitant
right coronary artery disease (Table 2). In addition, three
patients in group B also had no demonstrable collateral
vessels on coronary arteriograms obtained before infarction.
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One of these patients had triple vessel disease, while the
other two had isolated left anterior descending coronary
artery disease, The magnitude of the sum of ST segment
depression in inferior leads during the acute infarctions in
these three patients was - 3.5, - 2.5 and - 2 mm, re-
spectively. Also, the patient with the greatest magnitude of
the sum of inferior ST depression (~ ST = - 13 mm) was
found to have three vessel disease and collateral vessels on
arteriograms performed 3 days after infarction, just before
death. Although the presence of collateral vessels correlated
with frequency of pre- and postinfarction angina pectoris,
lesser precordial ST elevation and peak enzyme levels, the
presence or absence of collateral vessels did not appear to
correlate with the presence or absence of significant inferior
ST depression.
Left ventricular function. Angiographic global left
ventricular ejection fraction (Fig. 3) was less in group B
than group A (34 ± 12% versus 55 ± 13%, p < 0.001).
The two patients in group B who died in the hospital had
coronary arteriograms on the third day after infarction, but
no ventriculogram. The ejection fraction was less than 40%
in 2 of 18 patients in group A, compared with 10 of 13
patients in group B (11 versus 77%, p < 0.005).
The regional left ventricular wall motion abnormalities
for the two groups are summarized in Table 3. The mean
score for group B was greater than that for group A (10.0
± 3.2 versus 5.5 ± 3.7, P < 0.005). All patients had
abnormal motion (hypokinesia, akinesia or dyskinesia) in
the anterior or anteroseptal regions perfused by the left an-
terior descending artery, with no difference in frequency of
abnormal motion in corresponding regions for the two groups.
In contrast, there was a greater frequency of abnormal wall
motion in group B compared with group A for anterolateral
Figure 3. The mean left ventricular (LV) ejection fraction in pa-
tients with inferior ST segment depression (group B) was signif-
icantly lower (p < 0.001) than in those without ST depression
(group A) on left ventriculography. Right (RCA) or left circumflex
(LCX) coronary stenosis, or both, was more frequent in group B
than group A (92 versus 28%, respectively, p < 0.01) on coronary
arteriography recorded at the same study.
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(91 versus 44%, p < 0.05), distal posterolateral (36 versus
0%, p < 0.05) and inferior (100 versus 6%, p < 0.005)
regions supplied by the left circumflex and right coronary
arteries.
Discussion
Previous studies on ST segment depression in acute
myocardial infarction. In early experimental studies of
transmural ischemic injury produced by ligation of the left
anterior descending coronary artery in the dog, Rakita et
al. (3) recorded ST segment elevation from the anterior
surface and truly' 'reciprocal" ST segment depression from
the posterior surface of the left ventricle. These investigators
also found a second type of ST depression at the periphery
of the infarcted region, which had no constant relation to
the infarcted area, had no reciprocal relation to the anterior
ST elevation and followed a different time course. Rakita
et al. (3) concluded that this type of ST depression remote
from the infarct was due to "functional changes of unknown
nature. "
Clinical electrocardiographic studies in acute infarction,
unlike studies in open chest animal models with occlusion
of a single coronary artery, are complicated by several spa-
tial and nonspatial factors (24), such as: 1) variations in
body size and surface area, position of the heart in the chest,
location of the central ischemic zone and ischemic boundary
relative to exploring electrodes and size of the ischemic
zone; 2) presence of multivessel coronary artery disease and
coronary spasm (25); 3) concomitant use of drugs that can
influence ST segments or modify ischemic injury; and 4)
metabolic, ionic or hemodynamic alterations. In a large
study of 12 lead electrocardiograms during acute myocardial
infarction, Raunio et al. (6) found ST depression in 115
(31%) of 373 patients with definite QRS signs of infarction,
only 6 (5.2%) of whom had ST depression in leads II, III
and aVF associated with QRS signs of infarction in leads
VI to V6, I and aVL, while 45 patients (39%) had ST
depression in leads VI to V6, I and aVL associated with
QRS signs of infarction in leads II, III and aVF. Raunio et
al. (6) concluded that ST segment depression was 1) infre-
quent in leads with QRS signs of infarction or leads opposite
to those showing Q waves of infarction, and 2) associated
with more clinical complications and a higher 1 year mor-
tality rate.
Subsequent clinical studies of the possible implications
of anterior ST depression during transmural inferior infarc-
tion (7-14) using cardiac catheterization (8,10,12,13),
radionuclide ventriculography (7,9, 11,12), thallium scin-
tigraphy (12) and positron emission tomography (14) sup-
port two main mechanisms for this finding: 1) purely re-
ciprocal change related to the inferior infarct (9,14) or more
extensive inferior infarction with posterolateral involvement
(7,9,12,14), or 2) additional remote anterior ischemia or
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Table 3. Regional Left Ventricular Wall Motion Abnormalit ies in 31 Patients With Anterior
Myocardial Infarction
Variable Group A (n = 18) Group B (n = 13) p Value
Region
Anterobasal 0% 27% NS
Anterolateral 44% 91% < 0.05
Anteroapical 83% 100% NS
Inferior 6% 100% < 0.005
Posterobasal 0% 9% NS
Proximal septal 17% 55% NS
Distal septal 94% 100% NS
Inferoapical 72% 100% NS
Posterolateral (distal) 0% 36% < 0.05
Posterolateral (proximal) 6% 27% NS
Total wall motion score" 5.5 ± 3.7 \0.0 ± 3.2 < 0 .005
*Normal = 0; hypokinesia = I; akinesia = 2; dyskinesia = 3.
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nontransmural infarction, or both (8-10,13,14). In these
studies (7-14) , the incidence of significant (> 0.1 mY)
anterior ST depression during inferior infarction ranged from
53 to 83% (mean 60), and patients with such changes had
more ST segment elevation in inferior leads (11,12,14),
higher serum creatine kinase levels (7 ,9, 12- 14), greater left
ventricular dysfunction (7,9,12, 13), more clinical compli-
cations (8,9 ,12 ,13) , greater morbidity (10) and more fre-
quent left anterior descending artery disease (8,13) com-
pared with patients without significant anterior ST depression.
Apparent discrepancies in these studies (7-14) might in part
be due to differences in protocol , patient selection criteria,
definition of significant ST depression, numbers of patients
in the groups, methodology and combinations of leads in
analysis of data.
Present study. There were three major findings in our
study . First, the frequency of significant inferior ST depres-
sion during acute transmural anterior infarction was 45%.
Patients with this finding have more extensive myocardial
damage with higher peak creatine kinase release, greater
anterior ST elevation, more in-hospital complications, greater
global and regional left ventricular dysfunction and more
postinfarction angina than those without significant inferior
ST depression.
Second, patients without significant inferior ST depres-
sion had a higher frequency of isolated left anterior de-
scending coronary artery disease. In contrast , patients with
significant inferior ST depre ssion have a higher frequency
of concomitant left circumflex or right coronary disease, or
both, especially right coronary artery disease. These find-
ings correlated with a greater frequency of regional wall
motion abnormalities in inferior, anterolateral and poster-
olateral regions on left ventriculography. However, there
was no difference in frequency of angiographically demon-
strable collateral vessels in patients with or without signif-
icant inferior ST depression. Although angiograms were
performed late in most cases, one patient had collateral
vessels demonstrated 3 days after his infarct and he had the
greatest magnitude of inferior ST depression (13 mm) of all
patients and was in cardiogenic shock. This suggests that
the collateral vessels might not have been effective during
infarction.
Third, the time course of inferior ST depression during
acute anterior infarction was different from that of anterior
ST elevation in leads V I to V4 or leads V5 to V6, but similar
to that of the ST elevation in lead aVL. The magnitudes of
inferior ST depression and ST elevation in lead aVL both
decreased after the second day. In contra st , the magnitude
of ST elevation in anterior leads V I to V6 did not tend to
decrease until after the fourth day . Statistically significant
regression coefficients of 0 .83 and 0.91, respectivel y, be-
tween the magnitude of ST depression in inferior leads and
the ST elevation in lead I and lead aVL in group B support
a reciprocal mechanism between these leads. Two patients
with significant inferior ST segment depression in the first
24 hours subsequently developed inferior ST elevation and
QRS changes of inferior infarction, while a third patient in
group B developed inferior infarction during follow-up. This
suggests that the inferior ST depres sion in some patients
was caused by inferior ischemia.
Delayed resolution of inferior ST depression was asso-
ciated with concomitant left circumflex or right coronary
artery disease, or both . Thus in group B, all 11 patient s
with residual inferior ST depression on the third day had
concomitant left circumflex or right coronary artery disease,
or both, while 75% of the remaining 4 patients with reso-
lution of inferior ST depre ssion before the third day had
isolated left anterior descending coronary artery disease .
Previous studies on inferior ST depression in anterior
infarction. Few published papers (11,14 ,26) directly ad-
dress the question of inferior ST depression during trans-
mural acute anterior infarction, Croft et al. (11) reported
significant inferior ST depre ssion in 8 (53%) of 15 patient s
with transmural anterior infarction. They found no differ-
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ence between patients with or without inferior ST depression
on radionuclide ventriculography performed 6.9 hours after
the onset of symptoms, in left ventricular end-diastolic vol-
ume index (105 versus 76 ml/rrr'), end-systolic volume index
(65 versus 49 rnl/rrr'), ejection fraction (42 versus 34%) and
total or regional wall motion scores; this was probably due
to the small numbers of patients in the groups. In a study
of seven patients with transmural anterior infarction using
positron emission tomography, Billadello et al. (14) found
that none had inferior ST depression and all had normal
accumulation of palmitate in inferior and posterior walls
despite left circumflex or right coronary disease in four of
five patients undergoing coronary arteriography. These pa-
tients (14) would appear to be similar to our patients in
group A. Recently, Jennings et al. (26) retrospectively re-
viewed data on 103 consecutive patients with acute infarc-
tion (53 anterior, 46 inferior, 4 true posterior) who under-
went treadmill exercise testing early after infarction. They
found 35 patients (34%) with significant ST depression in
leads remote from the infarct site within 48 hours of in-
farction Of these, 22 (63%) developed exercise-induced ST
depression in the same leads that previously showed recip-
rocal change (p < 0.001). In contrast, only 9 (19%) of 48
patients without significant reciprocal ST depression de-
veloped exercise-induced ST depression in noninfarct leads
remote from the site of the infarct (p < 0.001). Also 13
(65%) of 20 patients with ST depression adjacent to the
infarct site developed exercise-induced ST depression in the
same leads that previously showed these additional changes.
Their data (26) indicated that remote ST depression might
reflect ischemia in territory distant from the site of infarction
and is associated with high risk of fatal arrhythmias and late
morbidity. In an early abstract, Levy et al. (27) reported
that patients with inferior ST depression during acute an-
terior infarction had a higher frequency of inferoposterior
wall motion abnormalities on radionuclide ventriculography
than did those without inferior ST depression (94 versus
36%, p < 0.05). They concluded that these wall motion
abnormalities represented additional inferoposterior isch-
emic damage.
Significance of inferior ST depression in anterior in-
farction. Our results indicate that significant inferior ST
depression during transmural acute anterior infarction can
be truly reciprocal, but might also reflect lateral involvement
as well as injury in remote inferior regions. The association
of inferior ST depression with greater creatine kinase re-
lease, more frequent inferolateral wall motion abnormalities
at 3.4 :: 2.4 months and right or left circumflex coronary
disease. or both, strongly suggests that inferior ST depres-
sion reflects myocardial necrosis in reciprocal and adjacent
territories. It is possible that in some cases, inferior ST
depression was due to "ischemia at a distance" (28,29) if
the territory supplied by a critically stenosed right or left
circumflex artery was dependent on collateral flow from an
occluded left anterior descending artery. Although there was
no difference in frequency of collateral vessels among the
two groups (33 versus 40%), there was no proof that an-
giographically demonstrated collateral vessels were func-
tional during acute infarction. Another possibility is that
coronary spasm (25,30) might have compromised flow to
regions supplied by the right or the left circumflex artery,
or both. A third possibility is that large infarcts imposed
greater hemodynamic stress on the inferior wall, causing
ischemia and ST depression. Increased circulating cate-
cholamines could also have a similar effect, as postulated
for anterior ST depression in inferior infarction (10,12).
Limitations of study. Although this study provides in-
sight into the mechanism of inferior ST depression during
anterior infarction and its clinical significance, it does not
shed light on the true frequency because of the strict selec-
tion criteria used. Patients with factors that might influence
ST segment deviation, except pericarditis, were excluded.
Although pericarditis occurred after the second day in some
patients, its frequency was the same in both groups. In
addition, left ventriculography in the majority of our patients
was performed late, at a mean interval of 3.4 ± 2.4 months
after infarction. Although 91% of our patients were men,
there was no sex difference between the two groups.
Clinical implications. Transmural acute anterior infarc-
tion has a poorer prognosis than inferior infarction (31).
Overall survival after acute infarction is related to severity
of underlying coronary artery disease and infarct size. High
risk patients are likely to have a preponderance of multi-
vessel disease. Identification of such patients in the early
stages of acute infarction might provide a rational basis for
starting aggressive therapy to protect jeopardized myocar-
dium and for management after hospital discharge. Patients
with ischemia at a distance from the primary infarct zone
also have a poor prognosis (29). In this study, inferior ST
depression during transmural acute anterior infarction iden-
tified a subset of patients with extensive damage, greater
left veritricular dysfunction, more in-hospital complications,
more postinfarction angina and greater frequency of mul-
tivessel disease. The greater frequency of inferior and lateral
wall motion abnormalities in this subset suggests that in-
ferior and lateral injury might have contributed to inferior
ST segment depression.
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